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The present invention relates in general to a disc drive apparatus for 
writing/reading information into/from a storage disc. The present invention relates 
particularly, but not exclusively, to a disc drive apparatus for writing/reading information 
into/from an optical storage disc; hereinafter, the present invention will be explained 
specifically for such disc drive apparatus, which will also be indicated as "optical disc drive". 

As is commonly known, an optical storage disc comprises at least one track, 
either in the form of a continuous spiral or in the form of multiple concentric circles, of 
storage space where information may be stored. Optical discs may be read-only type, where 
information is recorded during manufacture, which data can only be read by a user. The 
optical storage disc may also be a writable type, where information may be stored by a user. 
Typical examples of optical discs are, for instance, CD, DVD. For writing information in the 
storage space of the optical storage disc, or for reading information from the disc, an optical 
disc drive comprises, on the one hand, rotating means for receiving and rotating an optical 
disc, and on the other hand optical means for scanning the storage track with an optical beam. 
Since the technology of optical discs in general, the way in which information can be stored 
in an optical disc, and the way in which optical data can be read from ah optical disc, is 
commonly known, it is not necessary here to describe this technology in more detail. 

Said optical means comprise a light beam generator device for generating said 
optical beam. Typically, the optical beam is a laser beam, and the light beam generator device 
comprises a laser, usually a laser diode. In the following, the present invention is explicitly 
explained for the case of a laser, but it is to be understood that the principles underlying the 
present invention also apply for other types of light beam generator devices. 

During operation, the laser generates heat, and as a result, the laser 
temperature rises. This will especially be the case during a write operation, because the 
optical power needed for a write operation is higher than the optical power needed for a read 
operation. Apart from the design of the disc drive apparatus, the temperature rise depends 
inter alia on the rotational speed of the disc and on the duration of the operation. If the laser 
temperature rises too high, this may cause damage to the laser. The laser temperature should 
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stay below a temperature specified by the manufacturer; usually, this temperature is 70 °C in 
the case of a DVD laser or 75 °C in the case of a CD laser. 

Thus, there is a need to provide means for limiting the temperature rise of the 
laser. More generally, in a disc drive apparatus, there is a need to control the temperature 
occurring within the apparatus, especially the temperature of components which are 

temperature-sensitive. 

In the prior art, fan devices have been proposed for generating a forced air 

flow past the laser, thus removing heat from the laser. 

In an optical disc drive apparatus disclosed in JP-A-07-272.476, a separate fan 
is controlled to be switched ON when the laser is switched ON. 

In an optical disc drive apparatus disclosed inUS-Bl-6.295.264, a separate fan 

is driven by the disc drive spindle motor. 

In an optical disc drive apparatus disclosed in US-B2-6.359.856, a disc 

support is designed as a fan. 

In an optical disc drive apparatus disclosed in JP-A-10-255.348, a ring-shaped 

fan is provided to the outer peripheral edge of the disc. ; 

Such fens involve the disadvantages of increased weight, increased costs, and 

increased bulkiness. 

Therefore, a main objective of the present invention is to provide means for 
limiting the temperature rise of the laser without necessarily adding to the material cost of the 

disc drive apparatus. 

To this end, the present invention provides a method for controlling the 
operation of a disc drive apparatus, as well as a controller capable of executing the method. 
An important advantage of the present invention is that it can be implemented by suitably 
programming the controller, i.e. by suitably adapting the software, although it is also possible 
to implement the present invention in hardware or firmware. 

Prior art apparatuses which rely on an air flow generated by the rotating disc 
during writing/reading have a disadvantage that the cooling action only takes place during 
actual writing/reading, and that the cooling capacity of the generated air flow depends on the 
rotational speed of the disc. Typically, the rotational (or linear) speed of the disc is controlled 
for optimum optical performance, i.e. optimum reading or writing performance. Usually, this 
speed is not optimal for cooling purposes. For a CD, a standard speed (IX) is 3.5-8 Hz. A 
typical speed for recording is 2.4X. A typical speed for reading may be in the range from 3,5 
to 160 Hz. For a DVD, a typical speed for recording may nowadays be in the range from 12 
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to 100 Hz. Depending on apparatus design, an optimal speed with a view to cooling is in the 
range from 50 to 1 00 Hz, typically about 85 Hz. 

According to one aspect of the present invention, benefit is taken from the 
cooling effect of a rotating disc separate from a writing/reading action. According to this 
aspect of the present invention, the disc drive is capable of operating in a fan mode, wherein 
the disc motor is driven for rotation but no writing/reading action is taking place. In the case 
of an optical disc, specifically, the laser is off during the fen mode. Preferably, other power 
dissipating and heat generating components of the disc drive, such as for instance servo 
actuators, are switched off during the fan mode. The rotating disc generates an air flow 
cooling the components within the apparatus housing, especially (in the case of an optical 
disc) the laser. Preferably, the disc drive motor is driven at a predetermined optimum speed, 
which may be an apparatus-specific speed, and which may deviate from an optimum speed 
for writing/reading. 

Thus, the cooling of the laser after writing/reading operation is improved, and, 
when a next command for writing/reading is received, the laser temperature has dropped 
more than without the cooling down measure proposed by the present invention, so that it 
will take longer for the laser to reach a critical temperature, m effect, the present invention 
may prevent the laser from reaching a critical temperature, even in the case of prolonged use. 

In one embodiment of the invention, the temperature of the laser is measured 
at the termination of a writmg/reading operation of the disc drive apparatus. Normally, the 
apparatus would now become idle; however, in accordance with the present invention, if it is 
found that the laser temperature exceeds a first predetermined safety temperature, the 
apparatus enters the fan mode, such that the rotating disc keeps generating an air flow cooling 
the laser. The speed of the disc drive motor may be predeterrnined for optimum cooling, but 
it is also possible that the speed of the disc drive motor is predetermined with a view to low 
audibility, for instance 40 Hz, in order to prevent to annoy users who expect the apparatus to 
be idle. 

In another embodiment of the invention, the temperature of the laser is 
monitored during operation of the laser. If it is found that a certain decision criterion is met, 
the laser operation is stopped (i.e. the process of optical writing or reading is stopped), and 
the apparatus enters the fan mode. Thus, the laser temperature is prevented from rising too 
high during operation. 

In a particular embodiment of the invention, the temperature of the laser is 
monitored continuously, at regular intervals, i.e. not only during operation of the laser (as 
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mentioned above) or at the termination of a writing/reading operation of the disc drive 
apparatus (as mentioned earlier), but even when Ihe disc has been removed from the disc 
drive apparatus after a write action. If, with the disc removed, it appears that the laser 
temperature is above a predetermined safety temperature (which may be equal to said first 
predetermined safety temperature), the disc motor is actuated so that the disc support is 
rotated: even if the disc is absent, the rotating motor support will generate an air flow:Which 

has some cooling effect 

In order to exit the fan mode, it is possible to monitor the laser temperature 
and to terminate the fan mode as soon as it is found that the temperature has dropped 
sufficiently. Alternatively, and currently preferred, it is possible that the fan mode always has 
a predetermined duration; a suitable value is about 10 minutes when a disc is present, and 
longer, typically in the order of about 15 minutes, when no disc is present. 

It is acknowledged that it is known per se in prior art that the air flow 
generated by the rotating disc can be used for cooling the laser. JP-A r l 1.025.667 discloses a 
disc drive apparatus provided with a specially adapted guiding plate (hardware adaptation) 
for guiding such air flow towards the optical head. 



According to another aspect of the present invention, the disc drive is capable 
of operating in a Duty Cycle mode, wherein the disc motor is continuously driven for rotation 
while a writing/reading action is altematingly on or off. In one time segment of a cycle, the 
writing/reading action is taking place as usual. In another time segment of a cycle, the disc 
drive is actually operating in a fan mode, wherein the disc drive speed is preferably the same 
as during the first time segment, such that the disc drive speed is substantially constant during 
a cycle. As a result, the amount of heat generated by the laser and other components is 
reduced on average, while the cooling effect of the rotating disc is continued, so that a further 
temperature rise will be slower or, ideally, the temperature will lower. 

In an exemplary embodiment, the cycle has a duration of 5 sec, and both time 
segments have equal duration (duty cycle = 50%). 

The present invention can be applied in a disc drive apparatus which has no 
other means of influencing laser temperature. However, the present invention is not restricted 
to such application. In fact, it is quite well possible to use the invention, for instance, in an 
apparatus of which the disc support and/or the housing are adapted for improved air flow 
generation or air flow guidance. 
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These and other aspects, features and advantages of the present invention will 
be further explained by the following description of preferred embodiments of the present 
invention with reference to the drawings, in which same reference numerals indicate same or 
similar parts, and in which: 

Figure 1 is a block diagram schematically illustrating an optical disc drive; 

Figure 2 is a table illustrating operation of the optical disc drive in accordance 
with the present invention. 

Figure 1 schematically illustrates an optical disc drive 1, suitable for storing 
information on or reading information from an optical disc 2. For rotating the disc 2, the disc 
drive apparatus 1 comprises a motor 4, defining a rotation axis 5. For receiving and holding 
the disc 2, the disc drive apparatus 1 may comprise a turntable or clamping hub 6, which in 
the case of a spindle motor 4 is mounted on the spindle axle 7 of the motor 4. 

The disc drive apparatus 1 further comprises an optical system 30 for scanning 
tracks (not shown) of the disc 2 by an optical beam. More specifically, the optical system 30 
comprises a light beam generating means 31, typically a laser such as a laser diode, which is 
arranged to generate a light beam 32 which is directed towards and focussed onto the disc 2 
by optical means which may be known per se and which are not shown for the sake of 
simplicity. As is well known to a person skilled in the art, during a writing process, the laser 
beam intensity is modulated in order to produce changes in disc material properties, while 
during a reading process, the reflected light is received by an optical detector (not shown for 
the sake of simplicity), wherein intensity fluctuations of the reflected light correspond to 
information. Since the present invention is not related to the writing and/or reading process as 
such, it is not necessary here to discuss these processes, or the corresponding components 
used, in greater detail. 

Likewise, the disc drive apparatus 1 further comprises means for displacing 
the beam focus in a radial direction, which displacement means are also not shown for the 
sake of simplicity, while further it is not necessary here to discuss the design and operation of 
such displacement means in great detail. 

The disc drive apparatus 1 further comprises a control unit 90 having a first 
control output 91 connected to a control input of the motor 4, and having a second control 
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output 92 coupled to a control input of the laser 31. A signal output 93 of the control unit 90 
is coupled to a signal input of the laser 31. 

Other functional units of the disc drive apparatus 1 are generally and in 
common indicated as a controllable unit 40. Examples of such functional units, typically 
5 implemented as ICs, axe signal processing units, focus actuator, radial actuator, servo drivers, 
encoders, decoders, photodiode, etc. The control unit 90 further has one or more control 
outputs coupled to control inputs of one or more of said other functional units. These one or 
more control outputs are generally indicated in common as third control output 94 coupled to 
a control input 41 of the controllable unit 40. 

10 The control unit 90 is designed to generate at its first output 91a motor control 

signal Scm for controlling the motor 4, to generate at its second control output 92 a laser 
control signal Scl for controlling the laser 31, and to generate at its third control output 94 a 
unit control signal Scu for controlling the controllable unit 40. With the motor control signal 
Scm, the control unit 90 is capable to switch the disc drive motor 4 on or off, and to set the 

15 rotational speed of this motor. With the laser control signal Scl, the control unit 90 is capable 
to switch the laser 31 on or off If the laser is operating in its ON mode, the laser 31 generates 
its laser beam 32 in accordance with a laser data signal Sd generated by the control unit 90 at 
its signal output 93. With the unit control signal Scu> the control unit 90 is capable to switch 
the controllable unit 40 on or off. 

20 The disc drive apparatus 1 further comprises temperature detecting means 50, 

preferably associated with the laser 3 1, as shown, designed to generate a measuring signal St 
corresponding to the measured temperature, in this case the temperature of the laser 31. The 
measuring signal St is coupled to a temperature signal input 95 of the control unit 90. The 
temperature detecting means 50 may be implemented in any suitable way, as will be known 

25 to a person skilled in the art. Further, the design of the temperature detecting means 50 is no 
subject of the present invention, and a conventional temperature detecting means may be 
utilised in the present invention. Therefore, it is not necessary here to discuss in great detail 
the design and operation of the temperature detecting means 50. 

30 

The control unit 90 is capable of operating in at least one normal mode and 
several safety modes, as will be explained in the following with reference to figures 1 and 2. 
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In a normal mode, also indicated as NM, the control unit 90 allows the controllable unit 40 to 
be switched on, as desired, and sets the operating speed of the motor 4 in accordance with 
requirements which are not related to temperature control, i.e. requirements such as 
vibrations, noise, error rate, data flow rate, etc. In fact, the normal mode might be considered 
5 as prior art mode. 

In a first safety mode, also indicated as SMI, the control unit 90 generates its 
motor control signal Scm such that the rotational speed of the motor 4 is set at a first 
predetermined safety value wl. This first predetermined safety value 6)1 is predetermined as 
being optimal for cooling in combination with a reading operation or a writing operation, 

1 0 respectively. The actual value of the first predetermined safety value 6) 1 may depend on the 
type of disc drive apparatus: for instance, for a DVD apparatus, the actual value of 6)1 needs 
not necessarily be equal to the actual value of 6) 1 for a CD apparatus. But also, between CD 
apparatuses of different design the actual value of o> 1 may mutually differ; the same applies 
to DVD apparatuses of different design. In general, the first predetermined safety value 6) 1 

1 5 may for instance be in the range from 50-100 Hz; in a typical example of an experimental 
DVD apparatus, the first predetermined safety value o) 1 appeared to be approximately equal 
to 85 Hz. 

It is noted that, in principle, the first predetermined safety value 6) 1 is one of 
the possible rotational speeds potentially selectable for the control unit 90. As such, this 

20 speed is a "normal" speed. However, as defined above, the control unit 90 selects the 

rotational speed in the normal mode NM without taking temperature control into account, , 
whereas the control unit 90 does select the rotational speed in the first safety mode SF1 with 
a view to temperature control. Nevertheless, it may be that in the normal mode NM the 
rotational speed is equal to the first predetermined safety value 0) 1 . 

25 It is further noted that there may be a difference between theoretically 

optimum speed and practically optimum speed. It may be that a theoretically optimum 
rotational speed exists, which would be optimum for cooling purposes, but which is not 
available to the control unit 90 because the disc drive apparatus does not support such speed, 
at least not in combination with a writing operation or a reading operation, as the case may 

30 be. In the above definition of the first predetermined safety value 6)1, the wording "optimal" 
is to be understood as meaning "practically optimum", i.e. optimal within the range 
practically available to the control unit 90. 

It is further noted that, even within the same apparatus, there may be a 
difference between optimum speed in the case of writing and optimum speed in the case of 
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reading, but it may also be that these two optimum speeds are substantially equal (as was the 
case with the above-mentioned experimental DVD apparatus). In the remainder of this text, 
this difference will not be mentioned any more, and the wording "optimal" is to be 
understood as meaning optimal in the context of present operation (write/read). The same 
5 applies, mutatis mutandis, to the fact whether writing/reading should be done in constant 
linear velocity mode or in constant angular velocity mode. 

Finally, it is noted that during normal operation, the rotational speed is usually 
selected as high as possible, such that the first predetermined safety value 0)1 will normally 
be lower than (or equal to) the normal operating speed. In such case, a transition from the 
1 0 normal mode NM to the first safety mode SF1 will involve a reduction of speed. This 
scenario will typically apply in the case of reading a CD-ROM. However, such is not 
necessarily always the case, so it may be that a transition from the normal mode NM to the 
first safety mode SF1 will involve an increase of speed. 

15 

In a second safety mode, also indicated as SM2 or FAN DISC mode, the 
control unit 90 generates its motor control signal Scm su °h that the rotational speed of the 
motor 4 is set at a second predetermined safety value o>2. This second predetermined safety 
value co2 is predetermined as being optimal for cooling with a disc present but without a 
20 reading or writing operation. Further, the control unit 90 generates its laser control signal Scl 
such as to switch OFF the laser 31. Further, the control unit 90 generates its unit control 
signal Scu such as to switch OFF the controllable unit 40. 

In this mode, most of the power dissipating and hence heat generating devices 
(ICs) are shut down, while cooling by the rotating disc continues. However, internal 
25 communication within the disc drive remains alive, so that the control unit 90 is, for instance, 
able to recognize any new write command. 

Similarly as mentioned above with respect to the first predetermined safety 
speed col, the actual value of the second predetermined safety speed co2 may depend on the 
type of disc drive apparatus, apparatus design, range of speed available to the control unit 90, 
30 etc, as should now be clear to a person skilled in the art. 

In a preferred embodiment, the second predetermined safety speed 0)2 is 
predetermined as being optimal for cooling in combination without a reading or writing 
operation and also in combination with a low noise requirement. Without talcing into account 
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such low noise requirement, the actual value of the second predetennined safety speed co2 
may be within an audible range, for instance 85 Hz. This may, however, be annoying to a 
user, who expects his drive to be silent when idle, and who now may wonder whether 
something is wrong. In order to prevent this, a low noise requirement may be set, requiring 
5 the rotational speed to stay below, for instance, 50 Hz, so that in such case the actual value of 
the second predetennined safety speed co2 may for instance be 40 Hz. 

In another example, it may be that the disc drive has a first speed range where 
relatively much noise is produced and a second speed range where relatively little noise is 
produced; in such case, the actual value of the second predetermined safety speed 0)2 may 
10 preferably be selected outside such first range, more preferably inside such second range. 

In a third safety mode, also indicated as SM3 or duty cycle mode DCM, the 
control unit 90 is alternatingly operative in a normal mode portion NMP and in an energy 

15 saving mode portion ESMP. 

In the normal mode portion NMP of the duty cycle mode DSM, the rotational 
speed of the disc may be set at any value within the range available to the control unit 90. 
Preferably, however, the rotational speed of the disc is set at the above-mentioned first 
predetermined safety speed o> 1, so that in this respect the normal mode portion NMP 

20 corresponds to the first safety mode SMI. 

In the energy saving mode portion ESMP of the duty cycle mode DSM, any 
writing or reading operation is suspended, the laser 3 1 is switched OFF, the energy 
consuming controllable unit 40 is switched OFF, but the disc motor activation continues. 
Thus, benefit is taken from the cooling action of the rotating disc. 

25 In the energy saving mode portion ESMP, the rotational speed of the disc may 

be increased or decreased, as required, to the above-mentioned second predetermined safety 
speed o>2, so that in this respect the energy saving mode portion ESMP corresponds to the 
second safety mode SM2. However, this would involve repeatedly speeding up and down of 
the disc motor, with associated audible frequency changes, which is not preferred: preferably, 

30 in the energy saving mode portion ESMP, the value of the rotational speed of the disc is 

maintained at the value set in the normal mode portion NMP just before entering the energy 
saving mode portion ESMP, so that the rotational speed of the disc is maintained 
substantially constant during the duty cycle mode DSM. 
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Thus, the control unit 90 runs through a cycle of operating successively in 
normal mode, energy saving mode, normal mode again, etc. Bach cycle has a predetermined 
duration, which may for instance be selected in the range of 1-10 sec; a suitable value is in 

the order of about 5 sec. 

The duty cycle of said mode cycle may have a value of 50%, i.e. the duration 
of each normal mode portion is equal to the duration of each energy saving mode period. 
However, it is also possible to set a different value for the duty cycle, either favouring normal 
mode or favouring energy saving mode. 



10 

In a fourth safety mode, also indicated as SM4 or FAN TURNTABLE mode, 
the control unit 90 generates its motor control signal Scm such that the rotational speed of the 
motor 4 is set at a fourth predetermined safety value co4. This fourth predetermined safety 
value 6)4 is predetermined as being optimal for cooling without a disc present, so that a 
1 5 cooling air flow is generated by the rotating turntable only. This mode is intended for 

situations where no disc is present, in which cases the laser 3 1 is switched OFF. Further, the 
control unit 90 generates its unit control signal Scu such as to switch OFF the controllable 
unit 40. 

In this mode, most of the power dissipating and hence heat generating devices 
20 (ICs) are shut down, while cooling continues by the rotating turntable or the like. However, 

internal communication within the disc drive remains alive, so that the control unit 90 is able 

to recognize commands, like "open door". 

Again, the actual value of the fourth predetermined safety value co4 may 

depend on the type of disc drive apparatus, apparatus design, range of speed available to the 
25 control unit 90, etc, as should now be clear to a person skilled in the art. Typically, the actual 

value of the fourth predetermined safety value 0)4 may be higher than the second 

predetermined safety speed o>2, since the rotating turntable, without a disc, will generate 

hardly or no noise. A suitable value for the fourth predetermined safety value co4 may be in 

the order of 80-100 Hz. 



Figure 2 is a table, schematically illustrating control steps taken by control unit 
90 when performing a control method in accordance with the present invention. Each vertical 
column corresponds to an operating mode of the control unit 90. Each horizontal row 
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coiresponds to a situation occurring during operation. Each field corresponds to a step taken 
by the control unit 90. 

Assume that, initially, the control unit 90 is operating in a writing or reading 
operation in normal mode NM, illustrated as NM0. The rotational speed o> may have any 
suitable value as set by the control unit 90, and will typically, although not necessarily, differ 
from the first predetermined safety speed wl. At regular intervals, for instance once every ten 
seconds, the control unit 90 will check the temperature signal S T received from the 
temperature sensor 50, and will compare the measured temperature T to a first predetermined 
threshold temperature Tl, which may for instance be about 60 °C. As long as the measured 
temperature T remains below said first predetermined threshold temperature Tl, the control 
unit 90 will continue with the writing or reading operation in the normal mode NM0 (action 
201). When the writing or reading operation is completed, the control unit 90 will, as usual, 
shut down the laser 3 1 and the controllable unit 40, and make a transition to an idle mode 
(step 202). 

As soon as the measured temperature T exceeds said first predetermined 
threshold temperature Tl, the control unit 90 will set a first flag FT1 (step 211). The writing 
or reading operation in normal mode continues, now with the first flag FT1 set, illustrated as 
NM1. The control unit 90 will continue to monitor the temperature at regular intervals. As 
long as the measured temperature T is above said first predetermined threshold temperature 
Tl, but stays below a second predetermined threshold temperature T2 higher than Tl, which 
second predetermined threshold temperature T2 may for instance be about 70 °C, the control 
unit 90 will continue with the writing or reading operation in the normal mode NM and the 
first flag FT1 set (action 212). 

It is possible that, if the measured temperature T drops below said first 
predetermined threshold temperature Tl, the control unit 90 will reset the first flag FT1 (step 
213) and continue with the writing or reading operation in the normal mode NM0 (action 
201), but it is also possible that the control unit 90 will keep the first flag FT1 set anyway. 

It is noted that step 202 may comprise the step of checking the temperature 
once more and, if it is found that the measured temperature T is now above said first 
predetermined threshold temperature Tl, making a transition to the second safety mode SM2 
(step 203). 

Now, when the writing or reading operation is completed while the first flag 
FT1 is set, the control unit 90 will make a transition to the second safety mode SM2 or FAN 
DISC mode discussed above (step 214). 
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As mentioned earlier, the control unit 90 may exit the second safety mode 
SM2 when the measured temperature T drops below a threshold, which may be equal to said 
first predetermined threshold temperature Tl. However, in the preferred embodiment, the 
control unit 90 will, on entry of the second safety mode SM2, start a first timer TIM1 (step 
215) in order to stay in the second safety mode SM2 for a first predetermined period pi 
determined by said first timer T1M1 . This predetermined period pi may suitably be about 10 
min. 

When a new write/read command is received while said predetermined period 
pi has not yet passed, i.e. when the control unit 90 is still operating in the FAN DISC mode 
SM2, the control unit 90 will make a transition to the normal mode NM1, i.e. start the 
write/read operation with the first flag FT1 set (step 216). 

As soon as the first timer TIM1 value indicates that such predetermined period 
pi has passed, the control unit 90 will exit the.FAN mode SM2, i.e. shut down the drive 
motor 4 and make a transition to an idle mode (step 217). 

hi the idle mode, the control unit 90 may continue to monitor the temperature 
at regular intervals, for instance once every ten seconds. If it is found that the measured 
temperature T is above said first predetermined threshold temperature Tl, the control unit 90 
will make a transition to the FAN DISC mode SM2 (step 261). When, in the idle mode, a 
new write/read command is received, the control unit 90 will make a transition to normal 
mode NM0 (step 262) and start with the normal write or read operation (action 200). 



As soon as the measured temperature T exceeds said second predetermined 
threshold temperature T2, the control unit 90 will enter the first safety mode SMI (step 221). 
Thus, the rotational speed o> is now made equal to the first predetermined safety speed « 1, 
involving an increasing or decreasing of the rotational, speed, as the case may be. 

On entry of the first safety mode SMI, the control unit 90 will start a second 
timer TIM2 (step 222) defining a second predetermined period p2, which may for instance be 
5 min. The control unit 90 continues to monitor the temperature. If the measured temperature 
T drops below said second predetermined threshold temperature T2, the control unit 90 will 
stop said second timer TIM2 (step 223). 

If the second predetermined period p2 ends while the temperature is still above 
said second predetermined threshold temperature T2, the control unit 90 will make a 
transition to the third safety mode SM3 or duty cycle mode DCM discussed above (step 231). 



PHNL03 0 05 4EPP 




13 10.01.2003 
It is noted that the duty cycle mode DCM may not be available to certain types of drives. For 
instance, in the case of a CD write operation, it may be undesirable to interrupt the writing 
process, because it is very difficult to achieve seamless recording. 

On entry of the duty cycle mode DCM, the control unit 90 will start a third 
5 timer TIM3 (step 232) defining a third predetermined period p3, which may for instance be 5 
min. 

The control unit 90 continues to monitor the temperature. If the measured 

temperature T drops below said second predetermined threshold temperature T2, the control 

unit 90 may stop said third timer TIM3 and return to the first safety mode SMI . However, it 
10 is preferred that the duty cycle mode DCM is continued, even if the measured temperature T 

drops below said second predetermined threshold temperature T2, for as long as the present 

write/read operation takes (action 233). 

If the write/read operation is completed before said third predetermined period 

p3 has passed, the control unit 90 makes a transition to the FAN DISC mode SM2 (step 234). 
15 In any case, if the measured temperature T drops below said second 

predetermined threshold temperature T2, the control unit 90 stops said third timer TIM3 (step 

235). 

Further, if during write/read operation in the first safety mode SMI or the duty 
cycle mode DCM, or during cooling in the FAN DISC mode SM2, the third predetermined 

20 period p3 ends while the measured temperature T is still above said second predetermined 
threshold temperature T2, the control unit 90 will set a second flag F2 (step 241), and will 
make a transition (step 242) to the FAN DISC mode, now indicated as FAN2 DISC. Thus, in 
cases where the temperature appears to stay above the said second predetermined threshold 
temperature T2 for too long, indicating that earlier measures such as optimum speed (SMI) 

25 and/or duty cycle mode (SM3) achieve insufficient effect, the disc drive is effectively shut 
down and further write/read is prevented in order to avoid possible damage to the apparatus. 
Cooling by the rotating disc continues. 

In this case, the control unit 90 will also start (step 243) a fourth timer TIM4 
defining a fourth predetermined period p4, which may for instance be 10 min. If during this 

30 period a new write/read command is received, it will be ignored (step 244) in order to allow 
the apparatus to cool sufficiently. As soon as the fourth timer TTM4 value indicates that such 
fourth predetermined period p4 has passed, the control unit 90 will reset the first and second 
flags FT1 and F2 and "liberate" the drive (step 245). When a new write/read command is 
received, the control unit 90 will start in normal mode NM (action 200). 
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If the control unit receives a command to eject the disc, it will make a 
transition to an idle mode (step 271). In the idle mode, the control unit 90 preferably 
5 continues to monitor the temperature at regular intervals, for instance once every ten seconds. 
If it is found that the measured temperature T is above a predetermined threshold 
temperature, advantageously said first predetermined threshold temperature Tl, the control 
unit 90 will make a transition to the FAN2 TURNTABLE mode SM4 (step 272), where the 
disc motor is activated at a speed o>4. Now, the rotating motor support or turntable will 

10 generate an air flow which has some cooling effect. The motor may be stopped when the 
temperature drops below said threshold temperature. Preferably, however, this fourth safety 
mode SM4 is maintained during a predetermined time p5 as determined by a fifth timer 
TIMS started by the control unit 90 on entry of the fourth safety mode SM4. As soon as the 
fifth timer TIMS value indicates that said predetermined period p5 has passed, the control 

15 unit 90 will stop the disc motor and will make a transition to the idle state (step 275). 

Although the above describes a control method presently preferred, it should 
be clear to a person skilled in the art that the present invention is not limited to the exemplary 

20 embodiments discussed above, but that various variations and modifications are possible 
within the protective scope of the invention as defined in the appending claims. 

For instance, instead of monitoring the laser temperature, it is possible that the 
temperature of another critical component is monitored, or even that a temperature sensor is 
arranged at a location within the apparatus for monitoring a local ambient temperature. 

25 In the embodiment as described, on finding a measured temperature above the 

second threshold temperature T2, control first lowers the speed to an optimum speed (step 
221) and, if after some predetermined time (p2) it appears that this action does not help in 
lowering the temperature below said second threshold temperature T2, control makes a 
transition to the duty cycle mode (step 231). However, it is also possible that control makes a 

30 transition to the duty cycle mode immediately on finding a measured temperature above the 
second threshold temperature T2. Further, it is also possible that control makes a transition to 
the FAN mode immediately on finding a measured temperature above the second threshold 
temperature T2. 
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Further, it is possible that transition from normal mode to the different safety 

modes is triggered by different temperature levels. 

Further, it should be clear that the expression "optical disc" also applies to 

magneto-optical discs. 

5 Further, it is noted that the temperature may be measured in the case of a 

specific event, such as the end of a read/write operation, but preferably the temperature is 
measured continuously, at regular intervals. 

It is noted that in this text the reference numeral 40 and the phrase 
"controllable unit" are used to indicate those functional units which are actually switched on 
10 or off by the control unit 90. The disc drive apparatus may comprise further functional units 
which are not switched off in the FAN mode. 
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1 , Disc drive apparatus (1) for writing and/or reading information into and/or 

from a disc (2), comprising: 

a controllable motor (4) for rotating a disc (2); 

a control unit (90) having a first output (91) for generating a control signal (Scm) for said 
5 motor (4); 

wherein the control unit (90) is designed to.be capable of operating in a FAN mode (SM2) in 
which said motor (4) is rotated without any writing and/or reading being executed by the disc 
drive apparatus. 
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10 2. Disc drive apparatus according to claim 1, further comprising temperature 

measuring means (50) for generating a measuring signal (S T ) indicating a temperature (T) 
occurring within the disc drive apparatus, the temperature measuring means (50) preferably 
being arranged for measuring the temperature of a disc drive component; 
wherein said control unit (90) has a signal input (95) coupled to said temperature measuring 

1 5 means (50), and is designed to enter said FAN mode (SM2) in response to the measuring 
signal (St) received from said temperature measuring means (50), 

3. Disc drive apparatus according to claim 2, wherein said control unit (90) is 
designed to enter (step 203) said FAN mode (SM2) if, at the completion of a write/read 

20 operation, said measuring signal (St) indicates a temperature (T) above a first threshold 
temperature (Tl), for instance 60 °C. 

4. Disc drive apparatus according to claim 2, wherein said control unit (90) is 
designed to monitor said measuring signal (St) during a write/read operation, to set (step 

25 21 1) a first flag (FT1) in response to receiving the measuring signal (S T ) indicating a 

temperature (T) above a first threshold temperature (Tl), for instance 60 °C, and to enter 
(step 214) said FAN mode (SM2) if; at the completion of a write/read operation, said first 
flag (FT1) is set 
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5. Disc drive apparatus according to claim 4, wherein said control unit (90) is 

designed to monitor said measuring signal (S T ) during a write/read operation, and to reset 
(step 213) said first flag (FT1) in response to receiving the measuring signal (S T ) indicating a 
5 temperature (T) below said first threshold temperature (Tl). 

Disc drive apparatus according to any of claims 1-5, wherein said control unit 
(90) is designed to set, in said FAN mode (SM2), a rotational speed of said motor (4) at a 
predetermined safety value (o>2) selected for optimum cooling effect. 

10 

7 # Disc drive apparatus according to any of claims 1-6, wherein said control unit 

(90) is designed to set, in said FAN mode (SM2), a rotational speed of said motor (4) at a 
predetermined safety value (a>2) selected for low audibility. 

15 & Disc drive apparatus according to any of claims 1-7, wherein said control unit 

(90) is designed to start (step 215) a first timer (T1M1) on transition to said FAN mode 
(SM2), and to exit said FAN mode (SM2) after a first predetermined time (pi) determined by 
said first timer (TIM1). 

20 9. Disc drive apparatus according to claim 2, wherein said control unit (90) is 

designed to monitor said measuring signal (St) during a write/read operation, to set (step 
222; step 232) a timer (TIM2; TIM3) in response to receiving the measuring signal (S T ) 
indicating a temperature (T) above a second threshold temperature (T2) higher than said first 
threshold temperature (Tl), for instance 70 °C, and to enter said FAN mode (SM2) if, after a 

25 predetermined time (p2; p3) determined by said timer (TIM1 ; TIM3), said measuring signal 
(St) still indicates a temperature (T) above said second threshold temperature (T2). 

10. Disc drive apparatus according to any of claims 1-9, wherein the control unit 

(90) is designed to be capable of operating in a duty cycle mode (DCM) in which the control 
30 unit (90) is alternatingly operative in a normal mode portion (NMP) during which 

writing/reading is performed, and in an energy saving mode portion (ESMP) during which 
writing/reading is temporarily suspended while rotation of said motor (4) is continued. 
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1 1 • Disc drive apparatus according to claim 1 0, wherein the control unit (90) is 

designed to maintain the rotational speed of the motor (4) substantially constant during the 
duty cycle mode (DCM). 

12. Disc drive apparatus according to claim 1 0 or 1 1 , wherein the duty cycle mode 
(DCM) has a cycle duration selected in the range of 1-10 sec, preferably in the order of about 
5 sec. 

13. Disc drive apparatus according to any of claims 12-14, wherein the duty cycle 
mode (DCM) has a duty cycle in the order of about 50%. 

14. Disc drive apparatus according to any of claims 10-13, comprising 
temperature measuring means (50) for generating a measuring signal (St) indicating a 
temperature (T) occurring within the disc drive apparatus, the temperature measuring means 
(50) preferably being arranged for measuring the temperature of a disc drive component; 
wherein said control unit (90) has a signal input (95) coupled to said temperature measuring 
means (50), and is designed to monitor said measuring signal (S T ) during a write/read 
operation, and to enter said duty cycle mode (DCM) in response to receiving the measuring ; 
signal (S T ) indicating a temperature (T) above a second threshold temperature (T2) higher 
than said first threshold temperature (Tl). 

15. Disc drive apparatus according to any of claims 10-14, comprising 
temperature measuring means (50) for generating a measuring signal (S T ) indicating a 
temperature (T) occurring within the disc drive apparatus, the temperature measuring means 
(50) preferably being arranged for measuring the temperature of a disc drive component; 
wherein said control unit (90) has a signal input (95) coupled to said temperature measuring 
means (50), and is designed to monitor said measuring signal (S T ) during a write/read 
operation, to set a timer in response to receiving the measuring signal (S T ) indicating a 
temperature (T) above said second threshold temperature (T2), and to enter said duty cycle 
mode (DCM) if, after a predetermined time determined by said timer, said measuring signal 
(S T ) still indicates a temperature (T) above a second threshold temperature (T2) higher than 
said first threshold temperature (Tl). 



PHNL030054EPP 

19 10.01.2003 
16. Disc drive apparatus according to any of claims 1-15, wherein the control unit 

(90) is designed to be capable of operating in a first safety mode (SMI) during which 
iting/reading is performed at a first predetermined safety speed (o>l). 



wro 



17. Disc drive apparatus according to claim 16 as far as depending on claim 15, 
wherein said control unit (90) is designed to make a transition to said first safety mode (SMI) 
in response to receiving the measuring signal (St) indicating a temperature (T) above said 
second threshold temperature (T2), and to make a transition from said first safety mode 
(SMI) to said duty cycle mode (DCM) if, after said predetermined time determined by said 
timer, said measuring signal (Sr) still indicates a temperature (T) above said second threshold 
temperature (T2). 

18. Disc drive apparatus according to any of the previous claims, wherein the disc 
drive apparatus is an optical disc drive apparatus comprising a controllable light beam 
generator (3 1), typically a laser; 

wherein said control unit (90) has a second output (92) for generating acontrol signal (S CL ) 
for said light beam generator (3 1); 

and wherein the control unit (90) is designed to switch OFF said fight beam generator (31) 
while operating in said FAN mode (SM2). 

19. Disc drive apparatus according to claim 1 8, comprising temperature measuring 
means (50) for generating a measuring signal (S T ) indicating a temperature (T) occurring 
within the disc drive apparatus, the temperature measuring means (50) being arranged for 
measuring the temperature of said light beam generator (31). 

20. Disc drive apparatus according to any of the previous claims, further 
comprising at least one controllable functional unit (40); 

wherein said control unit (90) has a third output (94) for generating a control signal (Scu) for 
said functional unit (40); 

and wherein the control unit (90) is designed to switch OFF said functional unit (40) while 
operating in said FAN mode (SM2). 
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21. Disc drive apparatus according to any of the previous claims, wherein the 

control unit (90) is designed to be capable of operating in a FAN2 TURNTABLE (SM4) 
mode in which said motor (4) is rotated without a disc being present. 



5 22. Disc drive apparatus according to claim 21, comprising temperature measuring 

means (50) for generating a measuring signal (St) indicating a temperature (T) occurring 
within the disc drive apparatus, the temperature measuring means (50) preferably being 
arranged for measuring the temperature of a disc drive component; 

wherein said control unit (90) has a signal input (95) coupled to said temperature measuring 
10 means (50), and is designed to enter (step 272) said FAN2 TURNTABLE (SM4) mode if, in 
an idle state with no disc loaded, said measuring signal (St) indicates a temperature (T) 
above a threshold temperature (Tl), for instance 60 °C. 

23. Disc drive apparatus according to any of claims 21 or 22, wherein said control 

15 unit (90) is designed to start (step 273) a fifth timer (TIM5) on transition to said 

FAN2 TURNTABLE (SM4) mode, and to exit said FAN2 TURNTABLE (SM4) mode after 
a fifth predetermined time (p5) determined by said fifth timer (TIMS). 
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An optical disc drive apparatus (1) for writing and/or reading information into 
and/or from an optical disc (2) comprises: 

a controllable motor (4) for rotating a disc (2); 

a laser (31); 

5 temperature measuring means (50) for generating a measuring signal (S T ) 

indicating a temperature (T) of said laser; 

a control unit (90) having a first output (91) for generating a control signal 
(Scm) for said motor (4); 

wherein the control unit (90) is designed to be capable of operating in a FAN 
1 0 mode (SM2) in which said motor (4) is rotated while said laser is switched OFF. 

Fig.l 
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